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According to a leading opinion among the re-
search workers on the chemical entity "trich-
ophytin" derived from dermatophytes, it is of
a polysaceharide nature, as described in the
preceding report of this series (1). In fact,
polysaccharide fractions highly specific to intra-
cutaneous reaction or some serum reactions were
separated by many workers (2—12). However,
some authors insisted on the significance of the
protein (13, 14, 15) or nucleic acid (16) fraction
or fractions in these immunological reactions,
while others (17) suggested multiplicity in the
chemical entities of trichophytins.
Chemical analysis of these antigenic substances
from the dermatophytes has been undertaken
by a relatively small number of workers up to
now. The constituent sugars of a nitrogen-con-
taining polysaccharide, isolated from the myce-
hum of Trichophyton interdigitale by Fuke (18)
were identified as glucose and mannose. Similar
polysaccharide was isolated and purified by
Sakai (19, 20) from T. asteroides, which proved
to contain glucose but no hexosamine. Barker
and Trotter (21) demonstrated that a purified
nitrogen-containing polysaccharide from T.
mentagrophytes consisted of glucose, mannose
and nine kinds of amino acids, and it was further
reported by Cruickshank, Trotter and Wood
(22) that this "purified trichophytin" caused
specifically both immediate and delayed intra-
cutaneous reactions as well as anaphylaxis and
passive skin anaphylaxis in sensitized and in-
fected guinea pigs. Two trichophytin prepara-
tions of protein nature, each consisting of some
ten kinds of amino acids, were separated by
Meyer et al. (15) by means of the fractional
ethanol precipitation method from five species
of Trichophyton including T. mentagrophytes.
Isolation of multiple fractions having trich-
ophytin activity and the analysis of their
constituents were performed by others. A sys-
tematic chemical fractionation of the mycelium
of T. gypseuni was made by Merkel (23) and
a similar study was made on T. plicatile by
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Zalmiechowska-Miazgowa (24). All the fractions
were found to give a positive complement-fixa-
tion reaction with immunized rabbit serum,
their titer being generally in this order: polysac-
charide > protein >> lipid fraction. Upon hy-
drolysis, the polysaccharide fraction gave glu-
cose and mannose, while the protein fraction
yielded the same kinds of sugars in addition to
six to twelve kinds of amino acids. Certain other
fractions were found to contain glucosamine and
a pentose. Recently, Kitamura (25) isolated
three polysaccharide and two protein fractions
from T. mentagrophytes var. asteroides, and
demonstrated that all these fractions contained
glucosamine in addition to these hexoses. Be-
sides these monosaccharides, ten to twelve kinds
of amino acids were detected in the protein
fractions and also one to five kinds of amino
acids were found in two of these three polysac-
charide fractions. Among them, the simple
polysaccharide fraction containing no amino
acid showed the highest antigenic titer. However,
all these fractions were probably not chemically
homogeneous.
As already reported in the preceding paper
(1), fractionation of the fungal myceium and
of the culture medium of T. mentagrophytes
var. asteroides, followed by purification with
column chromatography using DEAE-Sephadex,
gave twenty-two purified fractions having trich-
ophytin activity. In the present report, qual-
itative analysis was made on these purified
fractions, and at the same time the titer of their
trichophytin activity was measured mainly by
the intracutaneous reaction on rabbits with ex-
perimental trichophytosis, in an attempt to
clarify the probable correlationship between the
antigenicity and the chemical constitution of
trichophytins.
MATERIALS AND METHODS
Test Samples
As already reported in the preceding paper (1),
the following crude fractions were first obtained
from the mycelium and from the culture filtrate
of the four week culture of Trichophyton men-
tagrophytes var. asteroides, which were then puri-
fied by column chromatography with DEAE-
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Sephadex (A-SO) to give the subfractions expressed
by number in parenthesis. These purified frac-
tions, twenty-two in all, as well as some of the
crude fractions, were used as test samples in the
present investigation.
From the mycelium
Ws Soluble in warm 0.5% phenol-contain-
ing water.
Te Soluble in boiling water at pH 3.4, and
soluble after addition of picric acid.
Tp7s Soluble in boiling water at pH 3.4,
precipitable as picrate, and soluble
after dialysis at p11 7.5.
Tp7p Soluble in boiling water at pH 3.4,
precipitable as picrate and insoluble
after dialysis at p11 7.5.
From the culture filtrate
25E Precipitated at 25% ethanol concen-
tration.
75E Precipitated at 25 to 75% ethanol.
SE Precipitated over 75% ethanol.
Qualitative Analy8is of the Constituents by
Paper Chromatography
Sugars: About 3 mg of each fraction were hy-
drolyzed with 1 N hydrochloric acid in a sealed
tube in an oil bath at 100—110° C for 5 hours. After
hydrochloric acid had been removed from the
hydrolysate by repeated evaporation in vacuo, the
concentrated hydrolysate was dried over solid
ROll in vacuo. The dried residue was dissolved in
a small amount of water and applied to the paper
chromatography.
The sample was put on a ifiter paper strip(Toyo Roshi No. 51, 2 X 40 cm) and was de-
veloped with each one of the following solvent
systems by one-dimensional ascending method:
In-propanol: ethyl acetate :water (7:1:2 by vol-
ume)
n-butanol:pyridine:water (30:34:36 by volume)
ethyl acetate: pyridine :water (120:50:40 by vol-
ume)
Detection of sugars was made by the color de-
velopment with aniline hydrogen phthalate. Hex-
osamine was identified by the ninhydrin reaction
and also by the Elson-Morgan reaction according
to Partridge (26).
Amino Acids: About 3 mg of the sample were
hydrolyzed with 6 N hydrochloric acid in a sealed
tube in an oil bath at 100—110° C for 24 hours. The
hydrolysate was subjected to one-dimensional or
two-dimensional paper chromatography by the
ascending method of Toyo filter paper No. 51 with
the developing solvents described below:
Jphenol:water (4:1 by volume)
n-butanol: acetic acid: water (4: 1:2 by volume)
Amino acids were detected by the ninhydrin
method. Cystine was identified by the nitroprusside
reaction after treatment with cyanide, and arginine
by the Sakaguchi reaction.
For the detection of tryptophan, the Ehrlich
reaction was attempted on a separated hydrolysate
(with 1 N hydrochloric acid for 5 hours), though
with a negative result.
Ribonucleic acid: The same hydrolysate as used
for the detection of sugars was employed. This was
developed on Toyo filter paper No. 51-A by the
one-dimensional ascending method with the use
of solvent systems; iso-propanol: hydrochloric
acid:water (170:41:39 by volume), and water-
saturated n-butanol.
Bases and nucleotides were detected on the ifiter
paper chromatogram as dark zones under a ultra-
violet light (central wave-length: 253.6 mM) and
inorganic phosphate was detected by spraying
Hanes' reagent (27) followed by the irradiation of
the ultraviolet light for several minutes to give a
blue color.
Estimation of Antigenic Titer
Antigen solution: Each fraction to be tested was
dissolved in sterilized water to give a 0.1% solu-
tion, and this was used as the stock solution of the
antigen.
Infection of experimental animals with the fun.
gus: The same strain of T. mentagrophytes var.
asteroides as used for the isolation of trichophytin
fractions in the previous work (1) was employed
to infect rabbits by means of the intracutaneous
inoculation. This strain was, after animal passage,
cultivated on the 2% Sabouraud's glucose-agar
medium for 2 to 3 weeks at 27° C, and the myce-
hum harvested was macerated with the physiologi-
cal saline solution. This macerate was inoculated
intracutaneously into the back of male white rab-
bit with 2.4 ot 3 kg of body weight, according to
Bloch's method (28), to cause experimental tn-
chophytosis.
Preparation of anti-serum: Four weeks after in-
oculation of the fungus, blood was taken out from
three rabbits by heart puncture. Serum obtained
from it, after inactivation at 56° C for 30 minutes,
was used as anti-serum.
Trichophytin reaction: Rabbits were infected as
mentioned above, and an antigen solution (0.1 ml
of 0.1% and of 0.01% solution) was injected intra-
cutaneously into a region of the back of an in-
fected rabbit about the distance of 5 cm from the
margin of the infected area.
Two weeks after the inoculation of the fungus,
a positive intracutaneous reaction (appearance of
redness) began to occur, and it reached the max-
imal intensity three weeks after inoculation. From
the fourth week on, the reaction gradually dimin-
ished leaving an indistinct fringe on the previously
observed flush spot. Therefore, the animal was
used for this reaction three weeks after the in-
oculation of the fungus. The diameter of redness
was measured 24 to 48 hours after the injection of
the antigen (delayed-type reaction). Because a
larger value was always obtained when measured
24 hours after the injection, the evaluation of the
reaction was made at this time.
Precipitin reaction: This was performed by the
ordinary over-layer technic of the antigen-dilution
method, i.e., each 02 ml of anti-serum was placed
into each small test tube, and each 02 ml of a
series of the antigen solution, ten times diluted,
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starting from the stock solution (0.1%), were over-
lapped on the anti-serum. Observation of the re-
suit was made after allowing it to stand at 25° C
for 30 and 60 minutes.
EXPERIMENTAL RESULT
I) Chemical Constitution of Each
Purified Fraction
Each one of the 22 purified fractions, obtained
from a culture of T. mentagrophytes var. as-
teroides as described previously (1), was hy-
drolyzed with acid, and sugar, amino acid and
nucleic acid components liberated in the hy-
drolysate were identified by means of paper
chromatography. The results obtained are sum-
marized in Table I.
Neither uronic acid, muramic acid nor
diaminopimeric acid was detected on the paper
chromatogram of any one of the above fractions.
Sialic acid was also not detected, but since it
TABLE I
Chemical constituents and nature of purified fractions isolated from T. mentagrophytes var. asteroides
Fraction Sugars Amino acids'
Probable
chemical
naturef
.50.E8
Crude Ws
Ws(1)
We (2)
Ws(3)
Glc,Man, Rib
Glc,Man
Man
Man,Rib
Ser,Glu,GIy,Ala,Leu,Thr,Val,Phe,Pro,CyS,Asp,Arg
Ser,Glu,Gly,Ala,Leu,Thr,Val,Phe,Pro, CyS
Ser,Glu,Gly,Ala,Leu,Thr,Val,Phe,Pro,CyS
Ser,Glu,Gly,Ala,Leu,Thr,Val,Phe,Pro,CyS,Asp,Arg
PS
PS
Pr
Pr
Pr
PS
Crude Ts
Ts(1)
Ts(2)
Ts (3)
Glc,Man,G1cNH,
Glc,Man,G1cNH2
GIc,Man,G1cNH2
Gb
Ser,Glu,Gly,Ala,Leu,Thr.Val,Phe,Pro,CyS,Tyr
Ser,Glu, Gly,Ala,Leu,Thr,Val,Phe,Pro,Tyr
Ser,Glu,GIy,Ala,Leu,Thr,Val,Phe,Pro,CyS
Ser, Glu, Gly, Ala, Leu ,Thr
PS
PS
PS
Pr
Pr
Pr
Crude Tp7s
Tp7s(l)
Tp7s (2)
Tp7s(3)
GIc ,Rib
Gic
Glc
Rib
Ser, Glu, Gly, Ala, Leu ,Thy,Val, CyS
Ser,Glu,Gly,Ala,Thr
Ser, Glu, Gly, Ala, Leu ,Thr,Val ,CyS
(—)
PS
PS
RNA
Pr
Pr
Crude Tp7p
Tp7p (1)
Tp7p(2)
Gb ,Rib
Gic ,Rib
Rib
Ser, Glu, Gly, Ala, Leu ,Thr,Val ,Phe, Pro, CyS ,Asp
Ser, Glu ,Gly,Ala ,Leu,Thr, Val ,Phe ,Pro, CyS ,Asp
(—)
Pr
RNA
Ps
PS
25E(1)
25E(5)
25E(6)
25E(7)
Gic
(—)
(—)
(—)
(—)
Ser,GIu,Gly,Ala,Leu,Thr,Val,Phe,Tyr
Ser,Gbu,Gly,Ala,Tyr,Asp
Ser,Glu,Gly,Ala,Leu,Val,Asp
Pr
Pr
Pr
PS Pr
75E(1)
75E (2)
75E(3)
75E(4)
Glc,Man,G1cNH2
Gb ,Rib, G1cNH,
Gb ,Man, GIcNH5
(—)
Ser,GIu,Gly,Ala,Leu,Thr,Val,Phe,Pro
Ser, Glu ,Gly,Ala ,Leu,Thr, Val, Phe ,Pro, Tyr
Ser, Glu, Gly, Ala, Leu,Thr, Val ,Phe, Pro
Ser,Glu,Gly,Ala,Leu,Thr,Val,Phe,Pro
PS
Pr
Pr
PS
Pr
PS
Pr
SE(1)
SE(3)
SE(4)
Glc, GlcNH2
Glc, G1cNH2
(—)
Ser,Glu,Leu,Thr,Phe,Tyr,Asp
Ser,Glu, Gly,AIa,Leu,Thr,Val,Phe,Pro,Tyr
Ser,Glu,Gby,Ala,Leu,Thr,Phe,Tyr
PS
Pr
Pr
* Amino acids were enumerated in their order of decreasing frequency of detection.
t PS: Polysaccharide; Pr: Protein, including peptide; RNA: Ribonucleic acid, including ribonucleo-
tide.
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might possibly be broken down under the con-
dition employed for hydrolysis, its presence or
absence cannot be established.
The Ws fraction: The Ws (1) fraction, upon
hydrolysis, gave rise to glucose and mannose in
addition to 10 kinds of amino acids, and the We
(2) gave mannose and also 10 kinds of amino
acids, the same as above, while the Ws (3)
liberated ribose, mannose and 12 kinds of amino
acids. No sugar was detected in any one of these
fractions, in agreement with the Sakai's finding
(20) that his coresponding P fraction contained
only glucose as the constituent sugar. However,
our result does not coincide with his finding in
that the polysaceharides found in these fractions
contain a peptide or protein component, and
therefore are not simple polysaccharides.
The Ts fractions: From both the Ts (1) and
Ts (2) fractions, glucose, mannose, glucosamine
and 10 kinds of amino acids were identified,
whereas only glucose and 6 kinds of amino acids
were detected in the hydrolysate of the Ts (3)
fraction. Thus, these Ts fractions, too, which
correspond to the polysaccharide fraction of
Kono (16), were found not to be simple poly-
saccharides, but to be those which contain a
peptide or protein constituent, though quantita-
tively they consist mainly of polysaccharide as
already suggested from their elution curves as
well as from their ultraviolet absorption spectra
in the preceding report (1). However, con-
sidering the fact that both of the predominant
fractions, Ts(1) and Ts(2), mainly consist of
neutral mucopolysaccharide containing glucos-
amine, we conclude that these Ts fractions differ
from the polysaccharides present in the Ws frac-
tions described above.
The Tp78 fractions: This crude Tp7s fraction
corresponds to Kono's nucleic acid fraction (16).
Of the three purified fractions derived from it,
two were found to consist of sugar and amino
acids. Namely, the Tp7s(1) was shown to con-
tain glucose and five kinds of amino acids as its
constituents, and the Tp7s(2) to contain glucose
and eight kinds of amino acids. On the contrary,
no amino acid was detected in the hydrolysate of
the Tp7s(3) fraction, which proved to contain
ribose, guanine, adenine, cytidylic acid, uridylic
acid and inorganic phosphate. From such results,
and also from the finding reported in the preced-
ing paper that the crude Tp7s fraction showed
a positive Webb reaction specific to RNA, this
Tp7s(3) fraction is regarded as a purified ribo-
nucleic acid (or oligoribonucleotide) fraction. It
is quite probable that this should be the active
principle of the Kono's nucleic acid fraction
(16).
The Tp7p fractions: Of the purified fractions
from the crude Tp7p which corresponds to
Kono's crude protein fraction (16), the Tp7p (1)
set free, upon hydrolysis, 11 kinds of amino acids
and a small quantity of glucose and ribose. On
the other hand, no amino acid was detected in
the hydrolysate of Tp7p(2), in which the
presence of ribose, guanine, adenine, cytidylic
acid, uridylic acid and inorganic phosphate was
demonostrated. Judging from these findings and
also from the elution curves already cited in the
previous paper, it is suggested that the Tp7p(1)
fraction consists of a protein or peptide accom-
panied by poly-or oligosaccharide as a subsidiary
constituent, while the Tp7p(2) consIsts of ribo-
nucleic acid or oligoribonucleotide similar to the
above-mentioned Tp7s(3).
The 25E fractions: From the 25E (1), only
glucose was detected as constituting sugar, and
no amino acid was obtained in its hydrolysate.
The 25E(5), (6) and (7) fractions were all
found to contain no sugar but 9, 6 and 7 kinds of
amino acids, respectively.
The 75E fractions: From the purified fractions
derived from this crude fraction, which occupied
the major part of the whole undialyzable com-
ponents in the culture medium both sugar and
amino acids were detected. Namely, the 75E(1)
and (3) gave, upon hydrolysis, glucose, mannose
and glucosamine, while the 75E(2) gave, upon
hydrolysis, glucose, mannose and glucosamine,
while the 75E(2) gave glucose, ribose and glucos-
amine. Furthermore, it was found that all the
subfractions 75E(1), (2), (3) and (4) contain in
common the same nine kinds of amino acids, but
the 75E(2) contains tyrosine in addition to
these acids. The 75E(4) fraction contains no
sugar and therefore is considered to belong to a
simple protein or peptide. From these results, as
well as from the ratio of the approximate amount
of the constituents as judged from the elution
curves cited previously, it is concluded that the
75E(1) and (2) comprise a complex polysac-
charide with a neutral mucopolysaccharide as the
principal component, while the 75E(3) is a sort
of sugar-containing-protein or-peptide.
The SE fractions: These are somewhat similar
to the above-mentioned 75E fractions in their
construction. Glucose and glucosamine as well as
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each of the seven to ten amino acids were
detected from the SE (1) and SE (3). In the
hydrolysate of the SE(4), eight kinds of amino
acids but no sugar were detected. Therefore, it
is concluded that the SE(1) is, similar to the
75E (1), a complex polysaccharide of which the
principal component is a neutral mucopolysac-
charide, and also that the SE(4) is rather a
simple protein or peptide similar to the 75E(4).
The SE(3) may be a complex polysaccharide
similar to the one found in SE(1), or alterna-
tively, may be a mixture of a simple protein or
peptide like SE (4) and a neutral mucopolysac-
charide.
II) Antigenic Titer of Each Purified
Fraction
Intracutaneo'us reaction: All the 22 purified
fractions were subjected to the measurement of
their antigenic titer by the intracutaneous reac-
tion. Four crude fractions from the mycelium
were also tested in a similar way in order to
compare the titers of the crude and purified
fractions. The average diameters of the flush
area caused by the injection of each fraction are
shown in Fig. 1.
As is clear from the figure, all the fractions
tested gave, without exception, a more or less
positive intracutaneous reaction. Generally,
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Fia 1. Intracutaneous reaction produced by various fractions. The diameter of the spot
was measured 24 hours after the injection of trichophytin preparations to the rabbits which
had been inoculated subcutaneously with T. men.tegrophytes var. asteroides 3 weeks before.
0.01% solution of trichophytin
0.1% solution of trichophytin
FRACTIONS
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TABLE II
Results of precipitin reaction on some fractions
isolated from T. mentagrophytes var. asteroides
Fraction
CrudeWs
Rabbit No.
1
12
11
Dilution of antigen
-
10
+
+
+
104
P
+
+
106
+
+
-
106
-
-
Ws(1)
1
12
11
+
+
+
+
+
+
-
—
-
-
-
Ws(2)
1
12
11
+
+
+
+
+
+
+
+
-
-
-
Ws(3)
1
12
11
+
+
+
-
—
+
-
—
-
-
-
Ts(2)
1
12
11
+
+
+
+
+
+
+
—
—
-
-
Crude Tp7s
1
12
11
+
+
+
+
+
+
+
—
-
-
-
Tp7s (2)
1
12
11
+
+
+
+
+
+
-
+
-
-
-
Tp7s (3)
1
12
11
+
—
+
-
—
+
-
—
-
-
-
25E (5)
1
12
11
—
—
+
—
—
-
—
—
-
—
-
75E(2)
1
12
11
+
+
+
+
+
+
-
+
+
-
—
Antigen-dilution method.
Evaluated after 60 minutes.
purified fractions showed more intensive reaction
than the original crude fractions except in the
case of Tp7p. Among the purified fractions
from the mycelium, Ws(1), Ws(2) and Tp7s(2)
and among those from the culture medium,
75E(2) and SE(3), elicited remarkably strong
reactions. It is to be noted that all of them are
polysaccharide trichophytins, containing poly-
saccharide as the major constituent. However, all
the polysaccharide fractions do not necessarily
show such intensive activity, and thus, for
example, the Ts fractions gave only a weak reac-
tion.
A cytological examination was made in the
region where the redness appeared after the in-
jection of the Ws(2), Ws(3), 75E(2) and 25E(5)
fractions. In every case, intense edema, dilation
of blood vessels, diffuse infiltration of poly-
nuclear leukocytes and lymphocytes in the
shallow and middle layers of the corium were
observed. The infiltration of polynuclear leuko-
cytes are particularly remarkable in the middlle
layer. These findings are in agreement with the
generally accepted cytological picture of the
trichophytin reaction as an allergy caused by
dermatophytes (9, 29).
It is interesting to note that even the frac-
tions giving rise to relatively weak intra-
cutaneous reactions, for example Ws(3) and
25E (5), induced significant cytological changes
similar to those caused by the fractions giving in-
tensive intracutaneous reactions, e.g. Ws(2) and
75E (2). This may confirm the fact that the weak
intradermal reactions produced by the former
ones is significant, not being a kind of unspecific
reaction due to foreign substances or technical
errors.
Precipitin. reaction: Ten purified fractions
were selected from the groups of fractions giving
strong, mild and weak intracutaneous reaction,
and the precipitin reaction was performed on
each of them in an attempt to compare their
antigenicity in the intradermal reaction with
that of the precipitin reaction. The result ob-
tained is indicated in Table II.
Crude Ws, Ws(2) and 75E(2) fractions
showed a positive reaction as far as 100,000 times
dilution in two out of three cases, and therefore
are considered to belong to a group of samples
with the highest titer. These were followed then
by Ts(2), crude Tp7s and Tp7s(2) which
showed a positive reaction in one out of three
cases at 100,000 times dilution. Then, the titer
decreases in the following order: Ws (1), Ws (3),
Tp7s(3) and 25E(5).
Comparison of the titers of the precipitin
reaction with those of the intracutaneous reac-
tion revealed the fact that these results do not
necessarily coincide with one another. Thus, both
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titers run parallel in the cases of Ws(2), 75E(2)
and Tp7s(2), showing strong precipitin and
intracutaneous reactions, and also in the cases of
Ws(3), Tp7s(3), and 25E(5), giving weak reac-
tions, whereas no such parallelism was observed
on the other four fractions, cruse Ws, Ts(2),
crude Tp7s and Ws(1). Particularly interesting
is the case of Ts(2) which showed only weak
intradermal reaction but at the same time gave
a very strong precipitin reaction. Therefore, it
is suggested that even the fractions giving rise to
weak intracutaneous reaction can sometimes be
an effective antigen for the precipitin reaction.
DISCUSSION
As is clear from Table I, amino acids were
detected in almost all the purified fractions with
the exception of three: Tp7s(3), Tp7p(2) and
25E (1). It is to be noted that the number of
the kinds of amino acids detected in such frac-
tions is at most eleven to twelve, which is con-
sidered to be too small to be liberated from the
protein molecule after hydrolysis. Therefore, the
original substances which give rise to these amino
acids must be of the peptide class rather than
protein. The relatively high heat-resistance of
the trichophytin preparations reported so far
would be explained by such relatively low
molecular size of their active principles.
It is now apparent that, of these purified frac-
tions having trichophytin activity, the most fre-
quently encountered are the polysaccharide sub-
stances which accompany small quantities of the
peptide component. They were then followed by
a sugar-containing and simple peptides. Two
ribonucleic acid (or oligoribonucleotide) fractions
and a simple polysaccharide fraction were also
included.
Of these trichophytin fractions, those which
gave the most intensive intracutaneous reaction
are of a complex polysaccharide nature, con-
taining a peptide component. To such a group
belong Ws(2), and Tp7s(2) fractions isolated
from the mycelium, and 75E(2) and SE(3) from
the culture medium. However, all such peptide-
bound polysaccharide substances are not neces-
sarily very active in the trichophytin reaction, as
shown by the examples on Ts(1), Ts(2) and
SE(1) fractions, etc., which gave oniy a mild or
rather weak intracutaneous reaction. The pres-
ence of amino sugar in the polysaccharide com-
ponent is considered to have no definite influence
on the antigenic titer of the trichophytin sub-
stances, because some of the complex muco-
polysaccharide fractions, consisting of neutral
mucopolysaccharide and peptide, 75E (2) and
SE(3) produce a strong intradermal reaction,
whereas the others, Ts(1), (2), 75E(1), (3)
and SE (1), gave only a weak reaction.
The significance of peptides in the intra-
cutaneous reaction bears further discussion. The
simple peptide fractions, 25E(5), (6), (7),
75E(4) and SE(4), produce a mild reaction.
Thus, it was found that even peptide substances,
without any sugar constitutent, can be antigens
for the intracutaneous reaction. However, it is
also true that the sugar-containing peptide frac-
tions, for example, SE(3) and 75E(2), showed
distinctly a stronger intradermal reaction than
simple peptide fractions of the similar amino acid
composition, such as SE(4) and 75E(4). This
may also suggest, an important contribution of
the polysaccharide component in the antigenie
substance in the manifestation of the intra-
cutaneous reaction. This fact also corroborates
the present view that the active principle of
trichophytins are polysaccharides or nitrogen-
containing polysaccharides. Thus, the unique im-
portance of the protein or peptide fractions, as
reported by Merkel (23) and also by Kull at at.
(17), in the trichophytin activity, was not
demonstrated in the present investigation.
The ribonucleotide fractions produce only a
mild intradermal reaction. The conclusion ex-
pressed by Kono (16) that the nucleic acid
fraction produce the strongest intradermal as
well as precipitin reactions, might be due to
possible contamination of the peptide-poly-
saccharide complex (such as Tp7s(2) in the
present work) in his nucleic acid fraction. The
simple polysaccharide showed only a weak in-
tracutaneous reaction.
From the above results, it can be concluded
that the trichophytin activity is, as demonstrated
by the result of the intracutaneous reaction, not
due to a single antigen with a definite chemical
constitution, but is a function of different types
of substances, including polysaccharides, poly-
peptides and ribonucleic acid (oligonucleotide),
though with varying intensity. This finding sup-
ports the theory of multiplicity of trichophytins
first presented by Kull at at. (17). The antigenic
titers of these diverse trichophytins, as measured
from the result of the intradermal reaction, are
roughly in the following order: peptide-contain-
ing polysaccharide > sugar-containing peptide
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 simple peptide = ribonucleic acid (or oligo-
ribonucleotide) > simple polysaccharide. It is
therefore evident that the main active factors
of the trichophytin reaction are polysaccharide-
peptide complexes.
Trichophytins present in the culture medium
seem to have a similar composition as those ob-
tained from the fungal mycelium, as is suggested
by the resemblance of the sugar as well as the
amino acid elements among many of them (see
in Table I).
The chemical composition of trichophytins,
demonstrated in skin or in serum reactions, pre-
viously demonstrated by other authors, are
cited in Table III. Comparison of these results
with those obtained by the present investigation
reveal the following facts. The trichophytins ob-
tained by Fuke (18), Merkel (23), Zamie-
chowska-Miazgowa (24), Barker and Trotter
(21) and by Kitamura (25), all contain glucose
and mannose as the common constituents, just
as many of the polysaccharide trichoiphytins
isolated by the present author. Glucosamine was
detected in the polysaccharide fractions C1-C6
of Merkel (23), C1-C3 of Zemiechowska-
Miazgowa (24), polysaccharide fractions Ps-I
and Ps-Ill as well as the protein fraction Pr-TI
of Kitamura (25), and also in seven of the
polysaccharide fractions of the present study.
Furthermore, a general agreement in the kinds
of amino acids detected in the hydrolysate of
each fraction was observed. For example, many
Chemical constituents of trichophytin fractions reported by various authors
Author and the species used Fraction Sugars Amino acids and N content
Fuke (1942), T. interdigitale Glc,Man N 0.69%. Amino acid not
examined
Meyer et at. (1952), T. men-
tagrophytes
Not examined Ser,GIu,Gly,Ala,Leu,Thr,
Val, Pro ,Asp, Arg, Lye, Tyr
Sakai (1957), T. asteroides P2-R2 Gb N 1.87—2.03%. Amino acid
not examined
Merkel (1957), 2'. gypseum C,
C2-C6
N1-N,
GIe,Man,Ara,Rha,G1cNH,
Glc,Man,G1cNH,
Pentose, deRib
N 0.70%
N 0-0.54%
Ser, Glu, Gly, Leu,Thr , Val,
Phe, CyS, CySH,Arg, His,
Lye
Zamiechowska-Miazgowa
(1958), T. plicatile
Cj-Cs
C4-C,5
N4
N,
N6
Gle ,Man, G1cNH2
Glc,Man,Xyl
Gic,Man,Xyl, Rib
Glc,Man,Xyl, Rib
Glc,Man,Xyi,Rib
N 3.9—5%
N 1.1—2.2%
Glu, Gly,Leu,Thr,Met(Val),
Phe,Pro,Arg,Tyr
Glu, Gly,Leu,Thr,Met(Val),
Phe,Pro,Arg
Glu,Giy,Leu,Met(Vai),
Pro,Arg
Barker & Trotter (1960), 2'.
mentagrophytes
Glc,Man Ser,Glu,Gly,Ala,Leu,Val,
Asp ,Arg, Tyr
Kitamura (1961), T. men-
tagrophytes var. asteroides
Ps-I
Ps-TI
Ps-Ill
Pr-I
Pr-IT
Glc,Man,GIcNH,
Gic ,Man
Gic,Man,G1cNH,
Glc,Man
Glc,Man, G1cNH,
Gly
Gly, Ala, Leu, Val ,Asp
(—)
Ser,Glu,Gly,AIa,Leu,Val,
Pro,Asp,Lys,Tyr
Ser, Glu, Gly, Ala, Leu, lieu,
Val,Pro, CyS,Asp, Lys,Tyr
TABLE III
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of the constituent amino acids found in the pro-
tein fractions of Kitamura (25), Pr-I and Pr-IT,
are also found in his polysaceharide fractions,
Ps-IT and Ps-I. In the trichophytin preparations
of the present study, too, many common amino
acids were detected in the peptide-containing
polysaccharide and sugar-containing and simple
peptide fractions. And also, throughout the trich-
ophytin fractions of Merkel (23), Zamie-
chowska-Miazgowa (24), Barker and Trotter
(21), Kitamura (25), and of the present study,
glutamic acid, glycine, leucine, and valine were
detected as the common constituents, and serine,
alamine, threonine, proline, aspartic acid, argi-
nine and tyrosine were also frequently detected.
These amino acids were reported among the
twelve amino acids which constitute the protein
trichophytin of Meyer et al. (15).
From the above-described findings, some
speculations on the chemical entity of trich-
ophytin are attempted. According to a classical
view of Bloch (30), trichophytin was considered
to be a complex metabolic product, something
like an "endo-toxin", of the fungus which would
be liberated into the culture medium only if
destruction of the fungal cells took place. It is
indeed quite likely that the active principle
responsible for the trichophytin reaction (intra-
cutaneous reaction) may be a polysaccharide-
protein or polysacharide-nucloprotein complex
of high molecular weight in its native state, pos-
sibly having its origin in the surface structure of
the fungal cells. Such a substance, upon being
split by protease (31, 32, 33) or other enzyme
(31) produced by the fungus itself during a
relative long period of growth, or by some
artificial factors in the course of its extraction
and fractionation procedures, liberates several
fragments of smaller molecular size which still
preserve the antigenic activity similar to the
mother substance and which sometimes are re-
leased into the culture medium. In fact, McNall,
Sternberg, Newcomer and Sorensen (34) recently
succeeded in obtaining a high-molecular cell-wall
polysaccharide from T. mentagrophytes which
consists of glucose and glucosamine in a molar
ratio of about 2:1 and has an ability to produce
an antibody for the precipitin reaction. Further-
more, these investigators isolated a polysac-
charide of smaller molecular weight and of
similar chemical constitution from the culture
medium of the growing fungus. The above-
mentioned hypothesis may easily explain the
multiple nature and diversity in titers of the
trichophytin preparations so far obtained by
different investigators. It may also explain the
observation sometimes that crude trichophytin
preparation showed higher antigenic titer than
the purified fractions obtained from it.
SUMMARY
Twenty-two purified fractions having trich-
ophytin activity, isolated from the mycelium
and also from the culture filtrate of Tricho-
phyto'n mentagrophytes var. asteroides by means
of elution column chromatography using DEAE-
Sephadex A-50 as reported previously, were
analyzed by paper chromatography after hy-
drolysis. The majority of these fractions was
found to consist of peptide-containing poly-
saccharides or sugar-containing peptides, except
for two ribonucleic acid fractions from the
mycelium, and five simple peptide fractions and
a simple polysaccharide fractions from the cul-
ture medium.
Among the constituent sugars of these frac-
tions glucose was the most prevalent and was
followed by mannose, glucosamine and ribose.
As the amino acids from peptides, serine and
glutamic acid were detected in all the fractions,
and glycine, alanine, leucine and valine were
also commonly present.
The intensity of the antigenic activity of these
fractions, as determined by the intracutaneous
reaction of rabbits with experimental trichoph-
ytosis, were of the following order; peptide-
containing polysaccharide > sugar-containing
peptide  simple peptide = rubonucleic acid
(or oligoribonucleotide) > simple polysac-
charide.
These findings demonstrate that the main
active principals of trichophytins are peptide-
polysaccharide complexes, and confirm the
opinions of previous authors that the active
principle is nitrogen-containing polysaccharide.
However, the complexity of trichophytins, as
stated by Kull, Brim and Jadassohn (17), was
also confirmed by the demonstration of a more or
less appreciable activity of all the twenty-two
fractions tested.
The results of the precipitin reaction per-
formed on ten of these fractions did not neces-
sarily parallel the results obtained from the
intracutaneous reaction.
Many of the trichophytins from the culture
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filtrate were found to resemble those isolated
from the mycelium in their chemical nature.
It is suggested that the chemical nature of
trichophytin is that of a polysaceharide-protein
or polysaceharide-nucleoprotein complex which
may give rise to several fragments upon partial
degradation, yet preserving more or less signifi-
cant trichophytin activity.
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